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)LJ*OREDOLQVWDOOHGJULGFRQQHFWHGHOHFWULFLW\VWRUDJHFDSDFLW\\HDU0:K
2QHRI WKH UHDVRQVZK\3*KDVQRW EHHQZLGHO\ LPSOHPHQWHG\HW LV HFRQRPLFYLDELOLW\ WDNLQJ LQWR DFFRXQW
UHVRXUFHVQHHGHGWRSURGXFHELRPHWKDQHLWFDQQRWFRPSHWHZLWKWKHSULFHRIQDWXUDOJDV+RZHYHUHYDOXDWLQJ3*LV
QRWWKDWVLPSOHVLQFHWKHV\VWHPLQWHUDFWVZLWKFKHPLFDOVLQGXVWU\WUDQVSRUWDWLRQIXHOVDQGKHDWJHQHUDWLRQ)XUWKHULW
FDQEHVWDWHGWKDWELRPHWKDQHDSURGXFWRI3*V\VWHPFDQQRWEHFRPSDUHGWRQDWXUDOJDVVLQFHLQWKHSURGXFWLRQRI
ELRPHWKDQH&2LVXVHGZKLFKRWKHUZLVHZRXOGKDYHEHHQH[KDXVWHGLQWRDWPRVSKHUH
7KHLQFUHDVLQJHOHFWULFLW\FRQVXPSWLRQDQGDZDUHQHVVDERXWWKHHQYLURQPHQWDOSROOXWLRQKDVOHGWRDULVHLQWKHXVH
RIUHQHZDEOHHQHUJ\VRXUFHVLQWKHSURGXFWLRQRIWKHHOHFWULFLW\+\GURSRZHULVWKHPDLQUHQHZDEOHHQHUJ\VRXUFH
ZLWKRIWKHZRUOG¶VJHQHUDWHGHOHFWULFLW\LQ>@+RZHYHUQRWRQO\K\GURSRZHUEXWDOVRVRODUDQGZLQG
SRZHUKDVDJUHDWSRWHQWLDO LQ WKHSURGXFWLRQRI WKHFOHDQHQHUJ\'HVSLWH WKH IDFW WKDW6RODUDQG:LQGHQHUJ\ LV
UHQHZDEOH LW LV LQWHUPLWWHQW DQG FDQQRW JHQHUDWH HOHFWULFLW\ FRQWLQXRXVO\ 9HORFLW\ RI ZLQG LV KLJKO\ IOXFWXDWLQJ
SDUDPHWHUDQGFDQFKDQJHYHU\HDVLO\8QOLNHO\ZLQG6XQLVPRUHVWDEOHEXWLWLVRQO\DYDLODEOHGXULQJWKHGD\7KLV
FKDQJHDELOLW\RIWKHZLQGDQGVRODUHQHUJ\VRXUFHVKDVDQDGYHUVHHIIHFWRQSURYLGLQJUHJXODUVXSSO\RISRZHUWRWKH
HQGXVHUDQGIRUJULGVWDELOLW\>@
2QHRIWKHVROXWLRQVWRLQFUHDVHWKHXWLOL]DWLRQRIZLQGDQGVRODUHQHUJ\LVWRHVWDEOLVKSXPSHGK\GURHOHFWULFHQHUJ\
VWRUDJHV\VWHP,QWKLVV\VWHPHQHUJ\LVVWRUHGLQWKHIRUPRISRWHQWLDOHQHUJ\RIZDWHUWKDWLVSXPSHGIURPDORZHU
UHVHUYRLUWKURXJKDSLSHOLQHWRDKLJKHUOHYHOUHVHUYRLU7KDWLVGXULQJWKHSHULRGVRIORZHOHFWULFLW\GHPDQGH[FHVV
ZLQGRU VRODU HOHFWULF HQHUJ\SRZHUV WKHSXPSV LQRUGHU WR WUDQVIHUZDWHU IURP WKH ORZHU UHVHUYRLU WR WKHKLJKHU
HOHYDWLRQ7KHQGXULQJWKHSHDNSHULRGVRIHOHFWULFLW\FRQVXPSWLRQWKHVWRUHGZDWHUFDQEHUHOHDVHGWKURXJKK\GUR
WXUELQHVEDFN WR WKH ORZHU UHVHUYRLU WRSURGXFHHOHFWULFLW\1HYHUWKHOHVV WKHDPRXQWRIHQHUJ\ WKDWFDQEHVWRUHG
GHSHQGVRQWKHGLIIHUHQFHEHWZHHQWKHORZHUDQGXSSHUUHVHUYRLUKHLJKWDQGWKHPD[LPXPYROXPHRIZDWHUWKDWFDQ
EH WUDQVIHUUHG EHWZHHQ UHVHUYRLUV >@ 3XPSHG K\GUR HQHUJ\ VWRUDJH V\VWHP LV WKH PRVW SURPLVLQJ WHFKQRORJ\
LQFRUSRUDWLQJ UHQHZDEOH HQHUJ\ LQ SRZHU V\VWHPV DQG WKH RQO\ ODUJH VFDOH HQHUJ\ VWRUDJH WHFKQRORJ\ FXUUHQWO\
DYDLODEOHZLWKRYHUSODQWVDQG0:LQVWDOOHGFDSDFLW\ZRUOGZLGH>@DQGWKHHIILFLHQF\UDQJHEHWZHHQ
DQG>@
7KHDGYDQWDJHVRIVWRULQJHQRUPRXVDPRXQWRIHQHUJ\DUHUHODWHGWRWKHVXEVWLWXWLRQRIIRVVLOIXHOFRQVXPSWLRQDQG
HIILFLHQWH[SORLWDWLRQRIWKHDEXQGDQWDPRXQWRIWKHDYDLODEOHUHQHZDEOHHQHUJ\%\UHGXFLQJIRVVLOIXHOFRQVXPSWLRQ
LQHOHFWULFLW\JHQHUDWLRQWKHDPRXQWRIWKHHPLWWHGJUHHQKRXVHJDVHVLVORZHUHG2WKHUDUJXPHQWLQIDYRULVWKHDELOLW\
WRDGMXVWWRGUDPDWLFORDGFKDQJHVLQSHDNHOHFWULFLW\GHPDQGKRXUV,WLVWKHPRVWFRVWHIIHFWLYHPHWKRGWRVWRUHODUJH
DPRXQWRIHOHFWULFDOHQHUJ\IRUDORQJSHULRGRIWLPHDQGLWKDVDIDVWUHVSRQVHVSHHGDQGIOH[LEOHVWDUWDQGVWRSWLPH
3XPSHGK\GURHOHFWULFHQHUJ\VWRUDJHV\VWHPPLQLPL]HV WKH ORVVRIZLQGDQGVRODUHQHUJ\E\HVWDEOLVKLQJ LWDVDQ
HOHFWULFLW\JHQHUDWLRQVRXUFH>@%\LQFUHDVLQJWKHDPRXQWRIUHQHZDEOHHQHUJ\LQWKHK\GURHOHFWULFHQHUJ\JULGWKH
HOHFWULFLW\SURGXFWLRQFRVWLVUHGXFHGEHFDXVHWKHZDWHULVSXPSHGZKHQWKHSULFHRIHOHFWULFLW\LVORZDQGLVUHOHDVHG
IURPWKHXSSHUUHVHUYRLUZKHQSULFHVDQGGHPDQGDUHKLJK%\SURILWLQJSXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHRSHUDWHV
LIWKHSULFHRIVHOOLQJHQHUJ\LVKLJKHQRXJKWRFRYHUWKHFRVWRIEX\LQJHOHFWULFLW\DQGORVVHVGXULQJSXPSLQJZDWHU
DQGJHQHUDWLQJHOHFWULFLW\>@
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7KH GUDZEDFNV RI LPSOHPHQWLQJ SXPSHG K\GURHOHFWULF HQHUJ\ VWRUDJH DUH WKH KLJK FDSLWDO FRVWV 7KH FRVW RI
SXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHLVEHWZHHQN:DQGN:DQGW\SLFDOO\WKHSD\EDFNWLPHLVWR
\HDUV>@6RPHWLPHVWKHUHLVQRVXLWDEOHORFDWLRQIRUHLWKHUFRQVWUXFWLRQRIQHZIDFLOLWLHVRULQWHJUDWLRQRIVRODU
RUZLQGHQHUJ\LQWKHK\GURSRZHUHOHFWULFLW\JULGWKHUHIRUHJHRJUDSKLFDOORFDWLRQDQGLQIUDVWUXFWXUHDOVRDIIHFWWKH
LQWURGXFWLRQRISXPSHGK\GURVWRUDJH
7KHHDUOLHVWSXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHZDVFRQVWUXFWHGLQWKH$OSLQHUHJLRQRI6ZLW]HUODQG$XVWULDDQG
,WDO\LQVEHFDXVHRIWKHDSSURSULDWHFRQGLWLRQVOLNHZDWHUDYDLODELOLW\GLIIHUHQWLDOOHYHORIUHVHUYRLUORFDWLRQDQG
SURSHUJURXQGFRQIRUPDWLRQ7KDWLVWRVD\WKDWW\SLFDOSXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHSODQWVDUHFRQVWUXFWHG
QHDUWKHKLOOVRUKLJKPRXQWDLQVDQGZDWHUVRXUFHV0RUHRYHULIDQDWXUDOZDWHUUHVHUYRLUGRHVQRWH[LVWDQDUWLILFLDO
RQHPXVWEHFUHDWHGWKHUHIRUHZDWHUVXIILFLHQF\WRSRJUDSK\DQGJHRORJ\RIWKHDUHDPXVWEHWDNHQLQWRDFFRXQWEHIRUH
WKH GHYHORSPHQW RI WKH SXPSHG K\GURHOHFWULF HQHUJ\ VWRUDJH V\VWHP >@ $V WKH PRVW DSSURSULDWH DUHDV IRU WKH
FRQVWUXFWLRQRISXPSHGK\GURHOHFWULFVWRUDJHDUHLQWKHKLOO\ORFDWLRQVZKHUHWKHODQGVFDSHLVSLFWXUHVTXHREMHFWLRQV
UHJDUGLQJHQYLURQPHQWDOGHJUDGDWLRQPLJKWDULVHWKHUHIRUHLWLVLPSRUWDQWWRGHYHORSSXPSHGK\GURVWRUDJHLQDOUHDG\
H[LVWLQJSODQWV,QWKHODWHUSDUWRIWKHWZHQWLHWKFHQWXU\WKHDZDUHQHVVRISXPSHGK\GURHQHUJ\VWRUDJHODFNHGLQWHUHVW
GXHWRWKHGHYHORSPHQWRIQXFOHDUHQHUJ\EXWLQVGXHWRHQYLURQPHQWDOFRQFHUQVUHQHZHGLQWHUHVWDERXWSXPSHG
K\GURVWRUDJHDSSHDUHG7KHODUJHVWSXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHSODQWVDUHORFDWHGLQWKH86$&KLQDDQG
-DSDQ7KH%DWK&RXQW\3XPSHG6WRUDJH6\VWHPORFDWHGLQWKH%DWK&RXQW\9LUJLQLDLVWKHODUJHVWVWRUDJHV\VWHP
LQWKHZRUOGZLWKWKHLQVWDOOHGFDSDFLW\RI0:$OWKRXJKWKHH[FHVVSRZHULVWDNHQPDLQO\IURPYDULRXVQRQ
UHQHZDEOHVRXUFHVOLNHFRDODQGQDWXUDOJDVLWDOVRLQWHJUDWHVWKHQXFOHDUELRPDVVDQGZLQGHQHUJ\>@
,QRUGHU WRPDLQWDLQ D VWDEOHRSHUDWLRQRISXPSHGK\GUR VWRUDJH DWWHQWLRQ VKRXOGEHSDLG WR WKH OLPLWV RIJULG
FDSDFLW\DQGYROWDJHSURILOHQHWZRUNFRQJHVWLRQDQGWKHVWDELOLW\SUREOHPVWKDWFDQEHFDXVHGGXHWR LQWHUPLWWHQW
EHKDYLRURIVRODUDQGZLQGHQHUJ\0DLQO\ORZGHPDQGKRXUVDUHGXULQJWKHQLJKWZKHQVRODUUDGLDWLRQLVQRWDYDLODEOH
WKHUHIRUHLQWKHVHVLWXDWLRQVWKHXVHRIZLQGHQHUJ\LVPRUHEHQHILFLDO
7KHLQVWDOOHGFDSDFLW\RISXPSHGK\GURHOHFWULFHQHUJ\VWRUDJHZRUOGZLGHLVDSSUR[LPDWHO\*:$FFRUGLQJWR
WKHLQVWDOOHGFDSDFLW\SXPSHGK\GURHOHFWULFVWRUDJHV\VWHPVDUHGLVWULEXWHGLQWRODUJHVPDOOPLFURDQGSLFRV\VWHPV
,QODUJHSODQWVLQVWDOOHGFDSDFLW\YDULHVEHWZHHQN:DQGPRUHWKDQ0:LQVPDOOSODQWVSRZHULVOHVVWKDQ
0:LQPLFURDQGSLFRSODQWVLQVWDOOHGFDSDFLW\LVOHVVWKDQN:DQGOHVVWKDQN:UHVSHFWLYHO\/DUJHDQGVPDOO
SODQWV SURYLGH HOHFWULFLW\ IRU FLWLHVZLWK D ORW RI LQKDELWDQWV0LFUR SODQWV SURYLGH HOHFWULFLW\ WR LVRODWHG RU VPDOO
FRPPXQLWLHVDQGPD\EHFRQQHFWHGWRHOHFWULFLW\JULGVZKHUHUHQHZDEOHHQHUJ\VRXUFHVDUHDYDLODEOH3LFRSODQWVFDQ
SURYLGHHOHFWULFLW\IRUYHU\VPDOOFRPPXQLWLHVZKHUHHQHUJ\GHPDQGLVQHJOLJLEOH>@,Q.HQ\DWZRK\GURHQHUJ\
VWRUDJHSODQWVZLWKWKHLQVWDOOHGFDSDFLW\RI0:KDQG0:KUHVSHFWLYHO\ZHUHUHVHDUFKHG7KHH[FHVVSRZHU
WRSXPSWKHZDWHUZDVWDNHQIURPWKHZLQGHQHUJ\5HVHDUFKKDVVKRZHGWKDWWKHV\VWHPZLWKKLJKHUFDSDFLW\FDQ
VWRUHPRUHHQHUJ\+RZHYHUHYHQWKRXJKWKHV\VWHPZRUNHGDWLWVPD[LPXPFDSDFLW\LWVKRXOGQRWZRUNDWLWRQWKH
GDLO\EDVLVLQRUGHUQRWWRRYHUORDGWKHV\VWHP7KHUHVHDUFKDOVRVKRZVWKDWDWWKHSUHVHQFHRIFRQVLVWHQWDQGKLJK
ZLQGYHORFLW\WKHLQFRPHLQFUHDVHVEXWLIWKHUHLVDODFNRIZLQGWKHUHYHQXHLVORZ0RUHRYHULIWKHLQVWDOOHGSRZHU
LQFUHDVHV WR0:RU0:EXW WKHVWRUDJHFRQWLQXHV WRZRUNZLWK0:KRU0:K WKHDPRXQWRI
UHYHQXHLQFUHDVHVEHFDXVHWKHV\VWHPLVQRWRYHUEXUGHQHGDQGZRUNVHIILFLHQWO\)RUH[DPSOHLIWKHLQVWDOOHGFDSDFLW\
LV0:WKHSURILWIRUVWRUDJHRI0:KLVEXWIRU0:KLWLV,IWKHLQVWDOOHGFDSDFLW\LV
0:WKHSURILWIRUVWRUDJHRI0:KLVEXWIRU0:KLWLV>@
7R FRQFOXGHK\GURHOHFWULF HQHUJ\ VWRUDJH V\VWHP LVEHQHILFLDO WR WKH LQWHJUDWLRQRI UHQHZDEOH HQHUJ\ LQWR WKH
HOHFWULFLW\JULG%\XVLQJH[FHVVSRZHUIURPZLQGDQGVRODUHQHUJ\WRSXPSZDWHUIURPWKHORZHUUHVHUYRLUWRWKH
KLJKHULQWKHSHDNRIIKRXUVLWLVSRVVLEOHWRVDYHPRQH\UHGXFHWKHZDVWDJHRIZLQGDQGVRODUHQHUJ\DQGWKHQHJDWLYH
LPSDFW RQ WKH HQYLURQPHQW E\ UHGXFLQJ JUHHQKRXVH JDV HPLVVLRQV (IILFLHQW XVH RI WKH LQWHUPLWWHQW FOHDQ HQHUJ\
VXEVWLWXWHVWKHGHPDQGIRUQRQUHQHZDEOHHQHUJ\
 
 Toms Zoss et al. /  Energy Procedia  95 ( 2016 )  528 – 535 531
1RPHQFODWXUH
( SRWHQWLDOHQHUJ\VWRUDJHFDSDFLW\:K
(DY HQHUJ\VWRUDJHFDSDFLW\DYDLODEOHIRURSHUDWLRQ:K
݅ HIILFLHQF\
ȡ GHQVLW\RIZDWHUaNJP
J DFFHOHUDWLRQRIJUDYLW\PV
K IDOOLQJKHLJKWKHDGP
2S RSHUDWLQJUDQJHRIQHWKHDGP
9 YROXPHRIZDWHULQWKHXSSHUUHVHUYRLUP
0HWKRGRORJ\
7KHPHWKRGRORJ\LVEDVHGRQFRPSDULVRQRIWHFKQRORJLFDOHFRQRPLFHQYLURQPHQWDODQGFOLPDWHGDWDDQGUHVXOWV
RIFDOFXODWLRQ
'DWDEDVHV3*
&DOFXODWLRQV
,QLWLDOGDWD
(YDOXDWLRQ
6HOHFWLRQ
'DWDEDVHV3+6
&DOFXODWLRQV
6XVWDLQDEOHVROXWLRQ

)LJ$OJRULWKPRIPHWKRGRORJ\
7KHDOJRULWKPVHH)LJLQFOXGHVPRGXOHVLQLWLDOGDWDRIUHQHZDEOHHOHFWULFLW\G\QDPLFVWZRGDWDEDVHVZLWK
WHFKQRORJLFDOVROXWLRQVRIDFFXPXODWLRQWZRFDOFXODWLRQPRGXOHVIRUHDFKWHFKQRORJLFDODSSURDFKHYDOXDWLRQPRGXOH
WRLQWHJUDWHVFUHHQLQJIRUWHUULWRULDODSSOLFDWLRQZLWK6:,'DQDO\VLVVHOHFWLRQPRGXOHDQGGHILQLWLRQRIVXVWDLQDEOH
VROXWLRQIRUVWXG\FDVH,QGLFDWRUVIRUFRQYHUVLRQRIHOHFWULFLW\IDFWRUV>@DUHXVHGIRUFDOFXODWLRQVRIHPLVVLRQVDQG
FRVWV7KLVSDSHUSUHVHQWVUHVXOWVRIHYDOXDWLRQPRGXOH
5HVXOWV
3.1. Power to gas potential in Latvia 
1DWXUDOJDVLQ/DWYLDLVXVHGERWKIRUKHDWDQGHOHFWULFLW\JHQHUDWLRQODUJHVW&+3ZLWKQDWXUDOJDVDVSULPDU\IXHODUH
7(&DQG7(&ERWKORFDWHGLQ5LJD>@ZLWKWRWDOSRZHU*:RIZKLFK0:LV(OHFWULFDOSRZHU>@$OO
QDWXUDOJDVLVLPSRUWHGIURP5XVVLD%\XVDJHRISRZHUWRJDVWHFKQRORJLHVLWZRXOGEHSRVVLEOHWRGLYHUVLI\VXSSOLHUV
RIJDVDQGWKHUHIRULQFUHDVHQDWLRQDOVHFXULW\+RZHYHULWPXVWEHFRQVLGHUHGWKDW&+3QRUPDOO\UXQVRQO\LIWKHUHLVKHDW
GHPDQGWKXVOLPLWLQJHOHFWULFLW\EDODQFLQJSRVVLELOLWLHVGXULQJVXPPHUZKHQWKHUHLVORZGHPDQGIRUKHDW
7KHUHLVJDVSLSHLQIUDVWUXFWXUHLQSODFHUHDFKLQJWKHODUJHVWFLWLHVLQ/DWYLDDQGLQWHUFRQQHFWLRQVWR(VWRQLD5XVVLD
/LWKXDQLDDQGIXUWKHUWR%HODUXVZKLFKJLYHVUHGXQGDQF\DQGLQFUHDVHVVHFXULW\LQWHUPVRIHQHUJ\WUDQVIHU,QFDVH
RIH[WUHPHZHDWKHUDQGIDLOXUHRIHOHFWULFDOJULGJDVLQIUDVWUXFWXUHFDQEHXVHGDVDEDFNXSWRWUDQVIHUHQHUJ\WRORFDO
&+3VDQGSURGXFHHOHFWULFLW\DQGKHDWLQLVRODWHGJULG
,QWHUFRQQHFWLRQVWRQHLJKERXULQJFRXQWULHVH[WHQGWKHPDUNHWJLYLQJSRVVLELOLW\WRH[SRUWH[FHVVJDVIRUKHDWDQG
HOHFWULFLW\SURGXFWLRQ*DVWUDQVSRUWDWLRQDOVRKDVVPDOOHUORVVHVWKDQHOHFWULFLW\WUDQVIHU$FFRUGLQJWR>@DYHUDJH
ORVVHVLQWUDQVPLVVLRQOLQHVLQ/DWYLDZDVZKLFKFDQVWLOOEHUHGXFHGEXWZLWKLQFHUWDLQOLPLWVZKLOHORVVHVLQJDV
SLSH OLQHV KDSSHQ RQO\ GXH WR SK\VLFDO GDPDJH RI SLSH RU HTXLSPHQW WKHUHIRUH WKHRUHWLFDOO\ ORVVHV FDQEH IXOO\
HOLPLQDWHG
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7KHUHDUHWKUHHZLGHO\NQRZQSRZHUWRJDVWHFKQRORJLHV

x +\GURJHQLVGLUHFWO\LQMHFWHGLQJULGRUXVHGIRUWUDQVSRUWLQGXVWU\
x +\GURJHQLVPL[HGZLWK&2WRSURGXFHPHWKDQH
x +\GURJHQLVPL[HGZLWKELRJDVWRLPSURYHWKHTXDOLW\ELRPHWKDQHLVSURGXFHG

3RWHQWLDORIELRPHWKDQHSURGXFWLRQLQ/DWYLDLVHYDOXDWHGLQ>@DQGUHVXOWVVKRZWKDWH[LVWLQJDQGSODQQHGELRJDV
VWDWLRQVFDQEHXVHGIRUELRPHWKDQHSURGXFWLRQ
$FFRUGLQJWR>@ZRUNLQJJDVFDSDFLW\RIWKH,QFXNDOQV8QGHUJURXQG*DV6WRUDJH)DFLOLW\ LVELOOLRQP
ZKLFKFDQEHLQFUHDVHGXSWRELOOLRQP>@$WWKHPRPHQWVWRUDJHLVDFWLYHO\XVHGIRUJDVLQMHFWLRQGXULQJ
ORZJDVGHPDQGSHULRGVLQVXPPHUWRKDYHDYDLODEOHJDVGXULQJZLQWHUZKHQJDVGHPDQGLVKLJKHUGXHWRKHDWLQJ
VHDVRQDQGGHPDQGFDQQRWEHFRYHUHGE\LPSRUW:LWKDQHVWLPDWHGORYHUKHDWLQJYDOXHRIJDVEHLQJN:K1P
LWZRXOGEHSRVVLEOHWRVWRUH7:KRIHQHUJ\
3.2. Pumped Hydro Storage potential in Latvia 
$FFRUGLQJ WR -5& >@ WKH SRWHQWLDO WR LQFUHDVH K\GURSRZHU LQ (XURSH LV OLPLWHG EHFDXVH RI HQYLURQPHQWDO
FRQVLGHUDWLRQVODFNRIDGHTXDWHVLWHVDQGFHUWDLQVRFLDODFFHSWDQFHLVVXHV%XLOGLQJQHZ3+6DUHVXEMHFWWRVLPLODU
OLPLWDWLRQV+RZHYHUFRQYHUVLRQRIH[LVWLQJK\GURSRZHUVWDWLRQVWR3+6LVPRUHOLNHO\WRKDSSHQVLQFHHQYLURQPHQWDO
HIIHFWVKDYHEHHQFDXVHGDORQJWLPHDJRZKHQWKHSRZHUVWDWLRQZDVEXLOW7KHUHIRUHWUDQVIRUPDWLRQWR3+6LVRQH
RIWKHPRVWFRQYHQLHQWZD\VWRLQFUHDVHWKHVWRUDJHFDSDFLW\ZLWKWKHORZHVWSRVVLEOHFRVWVDQGHQYLURQPHQWDOLPSDFW
/DWYLDZLWK>@RIHOHFWULFDOSRZHUFRPLQJIURPUHQHZDEOHHQHUJ\UHVRXUFHVUDQNVLQWRSWKUHHZLWKLQ(8
0DLQFRQWULEXWRUVWRJUHHQHQHUJ\DUHK\GURSRZHUVWDWLRQVLQRQWKHULYHU'DXJDYDZLWKWRWDOSRZHU
0:%HIRUHPHQWLRQHGSRZHUVWDWLRQVVWRUHZDWHUEHKLQGGDPVDQGRSHUDWHDVSHDNKRXUVWDWLRQVH[FHSWGXULQJ
IORRGWLPHZKHQGXHWRLQFUHDVHGZDWHUIORZIURPPHOWLQJVQRZWKH\DUHRSHUDWHGDWPD[LPXPSRZHUDQGLIZDWHUOHYHO
VWLOO LQFUHDVHV LW LV OHW WKURXJK E\ RSHQLQJ VSLOOZD\ JDWHV GXH WR OLPLWHG YROXPH RIZDWHU EDVLQ DQG HQYLURQPHQWDO
UHVWULFWLRQVWKHUHIRUHGXULQJIORRGWLPHEDODQFLQJFDSDELOLWLHVRIK\GURSRZHUVWDWLRQVZRXOGEHOLPLWHG
1HWKHDGRI3ODYLQDV.HJXPVDQG5LJDK\GURSRZHUVWDWLRQVDUHPPPUHVSHFWLYHO\DQGYROXPHVRI
WKHZDWHUEDVLQVDUHNPNPNP>@ZKLFKJLYHVSRWHQWLDORIVWRUHGHQHUJ\7:K7:K
7:KUHVSHFWLYHO\SRWHQWLDOVWRUDJHFDSDFLW\LVFDOFXODWHGDFFRUGLQJWKH(T1RWDOORIWKLVHQHUJ\FDQEH
XVHG VLQFH WKHUH LV FHUWDLQ RSHUDWLQJ UDQJH OLPLWHG E\ WHFKQLFDO FKDUDFWHULVWLFV RI K\GUR SRZHU VWDWLRQV DQG
HQYLURQPHQWDOUHVWULFWLRQV,WLVDVVXPHGWKDWRSHUDWLQJUDQJHRIK\GURSRZHUVWDWLRQVLVP

ܧ ൌ ఘכ௚כ௛כ௏כఎ
ଷ଺଴଴
 

$FWXDODYDLODEOHHQHUJ\VWRUDJHFDSDFLW\LVFDOFXODWHGE\WDNLQJLQDFFRXQWRSHUDWLQJUDQJHYHUVXVWRWDOQHWKHDGLQ
HYHU\VWDWLRQDQGDVVXPLQJWKDWDYDLODEOHHQHUJ\VWRUDJHLVGLUHFWO\SURSRUWLRQDOWRWKLVGLYLVLRQ(T5HVXOWLQJ
DYDLODEOHVWRUDJHFDSDFLW\LV7:K

ܧ௔௩ ൌ
ை௣
௛
כ ܧ 
7DEOH&KDUDFWHULVWLFVRI'DXJDYD&DVFDGH+\GUR3RZHU6WDWLRQV

,QK\GURSRZHUVWDWLRQVSRZHUJHQHUDWLRQLVOLPLWHGE\WKHFDSDELOLWLHVRIWXUELQHVDQGHQYLURQPHQWDOUHVWULFWLRQV
3RZHUVWDWLRQ 1HW+HDG>P@ %DVLQ>P@ (>7:K@ 2SHUDWLRQUDQJH>P@ 2SHUDWLRQUDQJHLQ $YDLODEOHHQUJ\VWRUDJH>7:K@
3ODYLQDV      
.HJXPV      
5LJD      
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LQFDVHDSXPSEDFNV\VWHPLVLPSOHPHQWHGODWHVWKDYHWREHWDNHQLQWRDFFRXQW$FFRUGLQJWRRSHUDWLRQUXOHV>@
PD[LPXPDOORZHGFKDQJHVLQZDWHUOHYHOIRU5LJD+36.HJXPV+36DQG3ODYLQDV+36DUHP
PDQGPUHVSHFWLYHO\GLIIHUHQWLDWLRQLQWURGXFHGGXHWRVLJQLILFDQWFKDQJHVLQZDWHUIORZGXULQJIORRGWLPHLQ
VSULQJ7KHVHUHVWULFWLRQVDQGDFWXDOVWUHDPIORZOLPLWWKHSRZHURI3+6:LWKDQDVVXPSWLRQWKDWEDVLQYROXPHLV
OLQHDUZLWKLQRSHUDWLRQUDQJHDWQRPLQDOULYHUIORZRIPV>@EDVLQVRIDOOWKUHHVWDWLRQVWRJHWKHUZRXOGEHIXOO
ZLWKLQWRKRXUVZKLFKPHDQVLWZRXOGEHSRVVLEOHWREDODQFH0:RIZLQGSRZHUE\VWRSSLQJDOOWXUELQHV
XS WRKRXUV LQZRUVWFDVHVFHQDULR ,IPD[LPXPVWUHDPIORZVDUHXVHG LQFDOFXODWLRQ 5LJD+(6±PV
.HJXPV+(6±PV3ODYLQX+(6±PV>@EDVLQVZRXOGILOOXSZLWKLQWRKRXUV
6LQFHWKH\DUHRQWKHVDPHULYHUWKHRQHVFORVHVWWRWKHVHDGHSHQGRQWKHZRUNF\FOHRIWKHSRZHUVWDWLRQVXSWKH
ULYHU%\LQWURGXFLQJSXPSHGK\GURVWRUDJHWHFKQRORJLHVLWZRXOGEHSRVVLEOHWRPDNHWKHZRUNLQJRIHYHU\K\GUR
VWDWLRQPRUHLQGHSHQGHQWIURPRWKHUVWDWLRQV
&RVWVUHODWHGWR3+6KLJKO\GHSHQGRQWKHVLWLQJRIWKHVWDWLRQVRPHTXRWHGFRVWVYDU\IURP±(85N:
>@ )LJ  UHSUHVHQWV EUHDNGRZQ RI 3+6 SURMHFW LQ &URDWLD >@ LQ VXFK SURMHFW  RI FRVWV DUH UHODWHG WR
FRQVWUXFWLRQRIUHVHUYRLUDQG+\GURWXUELQHZKLFKZRXOGQRWH[LVWLQFDVHK\GURSRZHUVWDWLRQZLWKSURSHUVLWLQJLV
DOUHDG\DYDLODEOH

)LJ&RVWEUHDNGRZQRI3+6
'LVFXVVLRQV3*DQG3+6FRPSDULVRQ
7RFRPSDUH3*DQG3+6 LW LVQHFHVVDU\ WRGHILQHFRPPRQSDUDPHWHUVRIERWK WHFKQRORJLHV ,W LVGHFLGHG WR
FRPSDUHIROORZLQJSDUDPHWHUV

x (QHUJ\GHQVLW\LQGLFDWRUUHSUHVHQWLQJKRZPXFKVSDFHZRXOGEHQHFHVVDU\IRUHQHUJ\VWRUDJHLQFDVHRI3+6
YDOXHLVFDOFXODWHGWDNLQJLQWRDFFRXQWFKDUDFWHULVWLFVRIH[LVWLQJGDPVN:KP
x $YDLODEOHYROXPHWULFVWRUDJHFDSDFLW\±DFWXDODYDLODELOLW\RIVWRUDJHUHVRXUFHVLQ/DWYLDP
x $YDLODEOHHQHUJ\VWRUDJHFDSDFLW\±DFWXDODYDLODELOLW\RIVWRUDJHFDSDFLW\LQWHUPVRIHQHUJ\7:K
7DEOH4XDQWLWDWLYHFRPSDULVRQRI3+6DQG3*
(QHUJ\6WRUDJH
V\VWHP $YDLODEOHYROXPHWULFVWRUDJHFDSDFLW\>P
@ (QHUJ\GHQVLW\>N:KP@ $YDLODEOHHQHUJ\VWRUDJHFDSDFLW\>7:K@
3+6   
3*   

$VVKRZQ LQ7DEOH3*V\VWHPKDVPXFKKLJKHUVWRUDJHFDSDFLWLHVHYHQZLWK ORZHUHQHUJ\GHQVLW\:LWKD
FDSDFLW\IDFWRUHQHUJ\SURGXFWLRQIURP0:ZLQGIDUPVZLWKLQRQH\HDUZRXOGEH7:K
  






&RQWUROV\VWHP
7UDQVSRUWDWLRQDQGHTXLSPHQW
*ULGFRQQHFWLRQ
2WKHUV
3HQVWRFN
3XPSV
+\GURWXUELQH
3HUVRQQHO
5HVHUYRLU
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$VPHQWLRQHGEHIRUHFRPSDULQJLVQRWDVVWUDLJKWIRUZDUGDVLWVHHPVDQGKHUHLWPXVWEHQRWHGWKDW7:KLQ
FDVHRI3+6PHDQVSRWHQWLDOHOHFWULFDOHQHUJ\IURPVWRUHGZDWHUEXWLQFDVHRI3*7:KLWLVHQHUJ\ZKLFKFDQ
EHFRYHUWHGERWKWRKHDWDQGHOHFWULFLW\7DNLQJLQWRDFFRXQWIXQGDPHQWDOGLIIHUHQFHVEHWZHHQ3*DQG3+6D7DEOH
LVFUHDWHGWKDWFRPELQHVPDLQDGYDQWDJHVDQGGLVDGYDQWDJHVEHWZHHQWKHVHWZRWHFKRORJLHV
,WFDQEHVHHQWKDWWKHUHLVRQHFRPPRQFKDUDFWHULVWLFWRERWKWHFKQRORJLHV±OLPLWHGRSHUDWLRQUHODWHGWRVHDVRQDO
FKDQJHV2WKHUWKDQWKDW3+6LVSUHIHUDEOHGXHWRLWVPDWXULW\EXW3*LVSUHIHUDEOHPDLQO\GXHWRV\QHUJLHVWRRWKHU
LQGXVWULHVDQGXVHRIH[KDXVWJDVHVDVVRXUFHRIHQHUJ\DVZHOO LW LVDSRVVLELOLW\ WRGLYHUVLI\IXHOSRZHUVWDWLRQV
UXQQLQJRQQDWXUDOJDV
7DEOH4XDOLWDWLYHFRPSDULVRQRI3+6DQG3*
 3* 3+6
$
GY
DQ
WD
JH
V
/RZHQHUJ\WUDQVSRUWDWLRQORVVHV 0DWXUHWHFKQRORJ\
'LYHUVLILHVJDVVXSSO\RI&+3 )LHOGGDWDDYDLODEOHDERXWRSHUDWLRQHIILFLHQF\DQGFRVWV
*DVWUDQVSRUWDWLRQLQIUDVWUXFWXUHWRQHLJKERULQJFRXQWULHV 
6\QHUJLHVZLWKRWKHULQGXVWULHV 
8VHV&2DVUHVRXUFHZKLFKZRXOGEHH[KDXVWHGRWKHUZD\ 
'
LV
DG
YD
QW
DJ
HV
 ,PPDWXUHWHFKQRORJ\ZLWKRQO\IHZUXQQLQJIDFLOLWLHV /LPLWHGRSHUDWLRQGXULQJIORRGWLPHLQVSULQJ
%LRPHWKDQHLVHFRQRPLFDOO\QRWYLDEOHFRPSDUHGWRQDWXUDOJDV 1RV\QHUJLHVZLWKRWKHULQGXVWULHV
/LPLWHGRSHUDWLRQRI&+3VLQVXPPHUZKHQKHDWGHPDQGVPDOO 

,Q WHUPVRI VWRUDJHFDSDFLW\SRWHQWLDOERWK WHFKQRORJLHVDUH ODUJHHQRXJK WRFRYHU WKHQHHGVRIHQHUJ\VWRUDJH
FDSDFLWLHVZLWKLQ%DOWLFV3+6LVPRUHYLDEOHVLQFHFRPSOHWHDQDO\VLVRIDOODGYDQWDJHVDQGGLVDGYDQWDJHVFDQEHGRQH
WKHUH LVILHOGGDWDDYDLODEOHDERXWRSHUDWLRQRI+36ZKLFKFDQEHIXUWKHUXVHG WRHYDOXDWHSRWHQWLDORI+36IURP
GLIIHUHQWSHUVSHFWLYHV$FFRUGLQJWRWKLVUHVHDUFKLWLVSRVVLEOHWRVWRUH7:KRIHQHUJ\LQ3+6ZLWKDPRPHQWDU\
EDODQFLQJSRZHURI0:IURPWRKRXUV+RZHYHUGXHWRODFNRIGDWDLWLVQRWSRVVLEOHWRIXOO\HYDOXDWHWKH
SRWHQWLDORI3*SRWHQWLDOLQ/DWYLD3XEOLFO\DYDLODEOHGDWDVHWRIQDWXUDOJDVJULGDQGRSHUDWLRQRI,QFXNDOQVVWRUDJH
IDFLOW\ LV HQRXJK WR HVWLPDWH WRWDO VWRUDJH FDSDFLW\ ZKLFK LV  7:K EXW QRW HQRXJK WR HVWLPDWHPRPHQWDU\
EDODQFLQJSRZHU
0DLQGLVDGYDQWDJHVRIWHFKQRORJLHVWREHPHQWLRQHGKHUHLVOLPLWHGRSHUDWLRQRI3+6GXULQJIORRGWLPHLQVSULQJ
DQGOLPLWHGRI&+3VDVPDLQFRQVXPHURIJDVGXULQJVXPPHUZKHQWKHUHLVQRGHPDQGIRUKHDW
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